SUMMARY
Survival of Aeromonas salmonicida in natural (non-sterile) seawater, as determined from colony counts on marine agar, was found to be influenced by the presence of potentially inhibitory organisms, i.e., Acinetobacter, Aerornonas hydrophila, Chromobacterium, Escherichia coli, Flauobacterium and Pseudomonas, and their metabolites. Yet, samples, thought to be devoid of culturable A. salrnonicida, were found to contain ceils, which were filterable through 0.22 and 0.45 /xm Millipore Millex porosity filters, and were recoverable on a specialised medium for L-forms, i.e. L-F medium.
verse host range, and is economically devastating to cultured salmonids [1] . By definition, the organism is allegedly restricted to fish, and does not occur in surface waters [2] . Yet, this definition does not explain the spread of A. salmonicida between fish populations. Indeed, laboratory based experiments have indicated that the organism may survive in brackish, fresh and seawater for short periods, i.e. up to 24 days [3] . The presence of a dormant stage has been suggested [4] , although this possibility has been later questioned [5] . This study has addressed the possibility that A. salmonicida may be inhibited by native aquatic bacteria and/or adopt a form in seawater necessitating specialised recovery media.
INTRODUCTION
Aerornonas salmonicida, the causal agent of furunculosis, has a widespread distribution, di- 
Marine samples
Seawater was collected from South Queensferry, located near Edinburgh on the Firth of Forth.
Recovery of bacteria inhibitory to A. salmonicida
The seawater was diluted to 10 6 in marine salts solution (MSS; 2.4% (w/v) sodium chloride, 0.7% (w/v) magnesium sulphate, 0.075% (w/v) potassium chloride, distilled water to one litre). Volumes (0.1 ml) were spread over triplicate plates of BMA, and incubated at 25°C for 7 days. Then A. salmonicida was inoculated as two parallel streaks (approximately 3 cm apart) on fresh BMA. A random collection of colonies, totalling 320 isolates, from the initial dilution plates, were streaked at right angles (2 cm apart) across the inocula of A. salmonicida, and incubated at 20 °C for 7 days. Thereupon, interruption of growth of A. salmonicida in the vicinity of the environmental isolates was recorded as evidence of inhibition. Isolates were identified by recourse to conventional identification schemes, and the use of the API 20E rapid identification system (API Laboratories, Basingstoke).
Survival of A. saImonicida in seawater
Natural (non-sterile) and sterile (121°C/15 min) seawater (100 ml) was placed into 150-ml capacity covered conical flasks. A. salmonicida, from an overnight culture on BMA, was washed to remove nutrients, and added to achieve 104-106 cells/ml. The microcosms were covered with tinfoil to prevent any interference from light, and incubated at 20 ° C. Samples (1 ml), at 0 and 3 h and at daily intervals for 24 days, were diluted to 10 6 in MSS, and 0.1-ml volumes spread over the surface of triplicate plates of BMA and incubated at 25°C for 7 days, whereupon the number of colonies of A. salmonicida was determined (these produced a characteristic brown diffusible pigment). In addition, parallel experiments examined the effect of potentially inhibitory bacteria recovered from the initial dilution plates, which were added to the microcosms to achieve cell densities of 104-106 cells/ml. Samples (1 ml) were removed at 0 and 5 min and at 1, 3, 6, 24, 48 and 72 h, and processed as above.
Growth of A. salmonicida in the presence of bacterial culture supernatants and extracts
The inhibitory bacteria were grown, with shaking, in 100-ml volumes of sterile (121 ° C/15 rain) seawater or in a medium containing 0.1% (w/v) yeast extract, 0.5% (w/v) bacteriological peptone in MSS for 1-7 days at 25 ° C. Then, the cultures were autoclaved (121 ° C/15 min), or centrifuged (4000 rpm/30 rain), and the resulting extract filtered (0.22-p,m Millipore Millex porosity filters), and freeze-dried. Culture supernatant or sterile (121 ° C/15 rain) seawater (100 ml) was supplemented with 50-100 mg/l of freeze-dried culture extract, filtered (0.22-/xm Millipore Millex porosity filters), and transferred to a 150-ml capacity conical flask. Cells of A. salmonicida, from overnight lawns on BMA, were added to the microcosm to achieve approximately 104-10 ~' cells/ml. The flasks were covered with tinfoil, and incubated at 25 °C for up to 7 days. The fate of A. salmonicida was determined from plate counts on samples collected at 0 and 5 rain, 1, 3 and 6 h, and at daily intervals for 7 days. Samples were diluted in MSS to 10 -6, and 0.1-ml volumes spread over triplicate plates of BMA with incubation at 25 °C for 7 days.
Recovery of nutritionally fastidious/osmotically fragile forms (L-forms) of Aeromonas salmonicida
The possible presence of nutritionally fastidious, osmotically fragile, i.e. L-forms, or dormant cells of A. salmonicida was examined by filtering samples from all experimental systems (including those considered to be devoid of A. salmonicida) through 0.45 and/or 0.22qzm Millipore Millex porosity filters and spreading 0.1-ml volumes over the surface of triplicate plates of L-F agar, a specialized medium for the growth of L-forms of A. salmonicida, [6] , with incubation at 25 °C for 105 devoid of culturable cells, were added to L-F broth [6] , and incubated at 25 °C for 4 days. Then, loopfuls from any turbid broth were streaked onto BMA plates for single colony isolation. A. salmonicida was identified by recourse to phenotypic and serological tests [1] . The presence of L-forms was verified after Mclntosh and Austin [7] .
RESULTS
There was a decline in the number of culturable A. salmonicida cells recovered from natural non-sterile seawater within 3 h. Indeed, the pathogen was not detected, by culturing on BMA, after 6 days (Fig. 1) . However, in autoclaved seawater, the number of culturable A. salmonicida cells decreased over 3 days, then steadily increased to day 20, and finally declined gradually to day 24 (Fig. 1) when the total population was still greater than at the start of the experiment. Yet, samples taken from the experimental systems, deemed to be devoid of A. salmonicida by culturing on BMA, revealed that viable cells were still present, and were capable of passing through the pores of 0.45-tzm filters. These ceils grew in L-F broth and on L-F agar, and matched the characteristics of A. salmonicida L-forms [7] . Loopfuls of material from turbid L-F broth resulted in the development of A. salmonicida colonies upon incubation on BMA plates. Indeed, the data suggested that populations of approx. 103 Z. salmonicida cells/ml were still present in the microcosms after the corresponding colony counts on BMA reached zero. The apparent survival of A. salmonicida in seawater was influenced by the presence of inhibitory bacteria, which were identified as Acinetobacter, Aerornonas hydrophila, Chromobacterium, Escherichia coli, Flauobacterium and Pseudomonas (Table 1) . Thus, the presence of Acinetobacter and A. hydrophila caused a marked reduction in the number of culturable ceils of A. salmonicida, such that colony forming units on BMA were only recovered for up to 3 h. Survival of A. salmonicida was also adversely influenced by shaking, which encouraged the growth of the inhibitory organisms. In the presence of extracts (100 mg/l) from cultures of Acinetobacter, A. hydrophila, E. coil and Pseudomonas, the number of A. satmonicida colonies recovered on BMA declined over 3 h. In the filter-sterilized systems, the culture supernatants caused a more rapid reduction in the size of the A. salmonicida population. Again, data from L-F agar and broth indicated a less dramatic effect on the populations of A. salmonicida in the experimental systems, although a decline in total cell numbers was recorded.
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DISCUSSION
The experimental data has supported previous observations [8] [9] [10] that A. salmonicida is capable of surviving in environmental samples, with populations declining because of antagonism by native aquatic bacteria [tl] . Yet, it is also possible that the apparent absence of the pathogen, as deduced from conventional culturing techniques, may reflect a lack of appropriate recovery methods. It has already been reported that discrepancies between studies may be attributed to the difficulty of isolating A, salmonicida from mixed cultures [9] , with recovery being hampered by overgrowth of faster growing aerobic heterotrophic bacteria. Certainly in autoclaved seawater, the colony counts of A. sahnonicida were high, and survival was generally longer than in the presence of a natural microflora. However, there is increasing evidence that conventional plate count techniques are inadequate for determining the longevity of bacteria in environmental samples. The presence of filterable cells (L-forms) of A. salmonicida in the experimental system suggests that subtle morphological changes to the organism occurred in seawater. The existence of such specialised forms of A. salmonicida may explain the previous general inability to recover colony forming units from environmental sampies. Perhaps, A. salmonicida cells become damaged in seawater; thus necessitating special techniques for their recovery. A similar scenario has been proposed for the recovery of apparently damaged coliforms from seawater [12] . Certainly in any future ecological studies, it is necessary, to be aware of the possible presence of filterable cell wall defective/deficient forms of A. salmonicida .
